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A novel DNA-directed AgNCs (DNA-AgNCs) was synthesized with economical raw material (natural ﬁsh
sperm DNA) through a simple and rapid approach, and it ﬁrst showed high and stable ﬂuorescence
emission as a AgNCs stabilized by natural DNA at about 635 nm. Moreover, its emission intensity could be
enhanced tremendously in acetic acid (HAc) medium. Whereas, when berberine hydrochloride (BRH)
entered the solution system, it would interact and combine efﬁciently with DNA on the surface of AgNCs,
which could lead to subtle change of charge distribution on its surface, and make it more lyophobic,
inducing aggregation of DNA-AgNCs. As a result, ﬂuorescence of the system was quenched visually; the
process represented a color variance from yellow to hot pink under HAc medium, then back to yellowish-
brown when BRH worked. Based on above phenomenon, a selective and accurate spectroﬂuorometric
method for BRH detection was established. It can be applied to detect trace amounts of BRH in aqueous
solution in the linear range from 1.0 nM to 2000.0 nM; and the detection limit (3s/k) was 0.3 nM, which
is pretty lower compared to most reported spectral methods. Simultaneously, a semi-quantitative de-
termination by visual evaluation from 5.0 nM to 2000.0 nM was also achieved. This method provided
excellent selectivity for the detection of BRH in the presence of ten kinds of common natural amino acids
and nine kinds of common mental ions. Furthermore, the BRH content in compound berberine tablets
from drugstore was successfully investigated by this method and the results showed high accuracy.
& 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Berberine hydrochloride (BRH, its structure is shown in Scheme
S1 in the Supporting Information), is the hydrochloride of a kind of
natural isoquinoline alkaloid called berberine, which is a major
effective content of several clinically frequently-used Chinese
herbs including Coptis chinensis, Cortex phellodendri and so on. It
has been extensively researched in biochemistry and drug chem-
istry, and proven to exert antitumor (Liu et al., 2008), anti-
tuberculosis (Weber et al., 2003), antibacterial (Domadia et al.,
2008), antioxidant (Hsieh et al., 2007) activities in vitro and
in vivo, also play an important role in clinical therapy. What is
noteworthy is that since BRH were found to be a new cholesterol-
lowering drug working differently from statin drugs (Kong et al.,
2004) and show antidiabetic activity (Lee et al., 2006), its phar-
macological studies have become a hot spot (Chang et al., 2015;B.V. This is an open access article u
n),Pirillo and Catapano, 2015). Besides its medicinal application, BRH
was also utilized as a probe for the detection of nucleic acid by
ﬂuorescence (Bhadra et al., 2005) or resonance light scattering
technique (R. Liu et al., 2002) due to its unique optical properties.
These studies couldn’t be achieved without the quantiﬁcation of
BRH. Up to now, many analysis methods for the quantiﬁcation of
BRH have been established including chemiluminescence (Song
et al., 2001), colorimetric detection (Ling et al., 2008), ﬂuor-
ophotometry (Y. Liu et al., 2002), light scattering (LS) spectrometry
(Liu et al., 2006), High Performance Liquid Chromatography
(HPLC) (Qing et al., 2004), capillary electrophoresis (Ban et al.,
2008), optical ﬁber sensing (Zhang et al., 2001), and so on. While
the downside among these reported methods for BRH assay was
that most of them not only required experienced personnel to
perform the analysis but also were methods of higher-concentra-
tion detection limits with low sensitivity and/or poor selectivity.
Metal nanoclusters (NCs) are metal nanoparticles (NPs) of small
size composed of a few to several hundred metal atoms (Xu and
Suslick, 2010). Metal NCs, such as Au and Ag NCs, exhibit unique
optical, electrical, and chemical properties and have attracted
much attention in recent years (Wilcoxon and Abrams, 2006).nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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revealed a promising application in the ﬁeld of biological labeling
(Yu et al., 2008), optical sensing, metal ions detection and so on
(Lan et al., 2011; Shang and Dong, 2009; Zhou et al., 2012). How-
ever, synthesis of AgNCs in aqueous solution is hard to achieve in
absence of stabilizer, because it aggregated easily forming larger
NPs to decrease their surface energy. Thus, templates or capping
agents are usually added in order to avoid the aggregation of
AgNCs in the synthesis process. Currently, dendrimer (Lesniak
et al., 2005; Zheng and Dickson, 2002), polymers (Díez et al., 2009;
Shang and Dong, 2008; Zhang et al., 2005), oligonucleotide (Petty
et al., 2004; Richards et al., 2008; Ritchie et al., 2007; Sengupta
et al., 2008), protein (Guo and Irudayaraj, 2011; Mathew et al.,
2011; Yu et al., 2007) and some small molecules have been com-
monly used as the template during synthesizing AgNCs. Thereinto,
DNAs have attracted increasing attention as the template in the
synthesis of AgNCs with high quantum yield, size-tunable prop-
erty, and good biocompatibility. For example, Dickson and co-
workers synthesized AgNCs successfully using a 12-base oligonu-
cleotide as the template; these AgNCs showed strong interactions
with the cytosine bases (Petty et al., 2004). By far, many chemists,
such as Petty and Gwinn, have studied synthesis and mechanism
of DNA-templated AgNCs. The results indicated that the size and
emission wavelength of AgNCs could be controlled by adjusting
the base sequence of DNA (Gwinn et al., 2008; Patel et al., 2008;
Richards et al., 2008; Sengupta et al., 2008). Nevertheless, natural
DNA had not been used as the template for AgNCs synthesis until
Kononov tried natural calf thymus DNA (Volkov et al., 2013).
However, the size of these AgNCs was very large and their ﬂuor-
escence intensity was very weak. Thus, it was signiﬁcant work to
establish a method for synthesizing stable AgNCs with strong
ﬂuorescence using economical natural DNA.
In this work, we utilized denatured natural ﬁsh sperm DNA
(fsDNA) as the template to develop a novel strategy for AgNCs
synthesis, the resulting AgNCs (DNA-AgNCs) showed a strong
ﬂuorescence emission at about 635 nm. This synthesis strategy
could be easily scaled up proportionally, only requiring economical
raw materials, and no need for DNA sequences design or elaborate
processing. Under acetic acid (HAc) medium, this AgNCs evolved
into a sensitive and selective sensor for detecting trace amount of
BRH in aqueous solution precisely. Scheme 1 shows the synthesis
process of DNA–AgNCs and its application to BRH detection.Scheme 1. The process of synthesizing DNA-AgNCs, a2. Experimental section
2.1. Reagents and equipment
FsDNA was purchased from Boao Bio-Technology Co. Ltd. (Shang-
hai, China) and used as received without further puriﬁcation. BRH was
from E. Merck (Darmstadt, Germany). The other reagents were of
analytical grade quality, including silver nitrate (AgNO3), sodium
borohydride (NaBH4), and HAc. Double-distilled water was used in all
of the experiments. The ﬂuorescence spectra and lifetime measure-
ments were performed using a steady state and transient state
ﬂuorescence spectrometer FLS920 (Edinburgh instruments UK). The
absorption spectra were measured using a Lambda 35 UV–visible
spectrophotometer (Perkin-Elmer, the USA). The light scattering (LS)
signal was measured using an LS-50B spectroﬂuorometer (Perkin-El-
mer, USA). All the spectra were acquired using quartz cuvettes with
1.0 cm path lengths. The TEM images were carried out using a Tecnai
G20 transmission electron microscope (FEI Company, the USA). The
Zeta potential was measured by a Zetasizer Nano-ZS90 (Maivern, UK).
2.2. Preparation of DNA-AgNCs
Steps 1-3 in Scheme 1 show the synthesis process of DNA-AgNCs.
Firstly, 0.1 g fsDNA was dissolved in 100.0 mL of double-distilled
water. Then, the fsDNA solution (1.0 g L1) was heated in hot water
bath at 95 °C for 15 min and moved immediately into ice-water bath
for being cooled rapidly to 4 °C, and the denatured fsDNA, a type of
mixed single-strand DNA (ssDNA) was prepared. Second, 2.0 mL of
AgNO3 aqueous solution (20.0 mM) was added to the prepared
ssDNA solution after 4.0 mL of DNA solution being fetched out and
the total volume was kept 96 mL. After a while 2.0 mL of NaBH4
solution (5.0 mM) was added for once under stirring condition at
normal temperature and stirring kept on for 1.0 h. The color of the
solution changed gradually from colorless into yellow since NaBH4
was added, indicating the formation of DNA-AgNCs. The stable
DNA-AgNCs solution was obtained after about 3.0 h rest. The ﬁnal
concentrations of the employed compounds were cssDNA¼
0.96 g L1, cAgNO3¼0.4 mM, and cNaBH4¼0.1 mM.
2.3. DNA-AgNCs Probe for BRH
Typically, 1.6 mL of as-prepared DNA-AgNCs solution was
mixed with 200.0 μL of HAc solution (0.02 M). Meanwhile, BRHnd application of DNA-AgNCs in BRH detection.
Fig. 1. (A) TEM image of DNA-AgNCs, the top inset is HRTEM of a silver cluster and on the bottom right is size distribution analysis of DNA-AgNCs (B) DNA-AgNCs in the
presence of 1.0 μM BRH under HAc medium.(For interpretation of the references to color in this ﬁgure, the reader is referred to the web version of this article.)
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prepared from serial dilution of the stock solution. Subsequently,
200.0 μL of BRH solutions (0–20.0 μM) was added into the mixture
of DNA-AgNCs and HAc, bringing the ﬁnal volume up to 2.0 mL for
the ﬂuorescence spectra measurement after reaction of 70 min at
30 °C.
2.4. Detection of BRH in tablets
Firstly, 15 tablets were divided into 5 groups, then peeled off
icing and pulverized. Next, 5 groups of powders were respectively
dissolved in 250 mL of double-distilled water, and the obtained
solutions were ﬁltrated. Finally, the ﬁltrates were diluted 100
times and fetched (200.0 μL) for every ﬂuorescence spectra mea-
surement with DNA-AgNCs as the way in last section.3. Result and discussion
3.1. Conditions optimization of DNA-AgNCs synthesis
The inﬂuence of different DNA conﬁgurations on the synthesis
of AgNCs was evaluated. Fig. S1 in the Supporting Information
reveals that the conformation of DNA signiﬁcantly inﬂuenced the
ﬂuorescence intensity of AgNCs, the denatured fsDNA (curve a)
was better than natural fsDNA (curve b) as the stabilizing agent.
This is probably because Agþ has a higher afﬁnity for ssDNA than
double-stranded DNA (dsDNA) (Murphy et al., 2004). The dena-
tured fsDNA is a kind of ssDNA with curly ﬂexible structure, this
type of structure increased the stability of AgNCs; because the
bases of ssDNA without pairs could bind to Agþ/Ag, particularly
the cytosine bases (Petty et al., 2004). Natural DNA is a kind of
dsDNA with rigid structure (Paar et al., 2002), which performed
much worse in stabilizing AgNCs. The results are consistent with
those reported AgNCs stabilized by denature BSA (Guo C. and Ir-
udayaraj J., 2011). The different conformations of the two types of
fsDNAwere analyzed by atomic force microscopy (AFM). As shown
in Fig. S2 in the Supporting Information, natural fsDNA is a rigid
linear structure; however, denatured fsDNA is a smaller curly
globular structure with ﬂexible property.
Subsequently, the effects of different concentrations of Agþ and
NaBH4 on the ﬂuorescence intensity of DNA-AgNCs were eval-
uated. Figs. S3 and S4 in the Supporting Information show that theoptimum amount of Agþ and NaBH4 were 0.4 mM and 0.1 mM
respectively. Further, the effects of the reaction time between Agþ
and the denatured DNA on the AgNCs synthesis were evaluated. As
shown in Fig. S5 in the Supporting Information, the results showed
that the reaction time of Agþ with the denatured fsDNA just
slightly affected the ﬂuorescence intensity of the AgNCs, i.e. Agþ
were adsorbed on the ssDNA strand within a short time, which
implied that ssDNA strongly clamped Agþ . The thermodynamic
measurements revealed there were at least two modes of binding
between Agþ ions and the bases of DNA (Petty et al., 2004; Wu
et al., 1981). When the molar ratio (R) of Agþ to base is less than
0.2 (Ro0.2), stronger complexes are formed with the purine bases
via the N atoms. In the case of relatively higher Agþ concentra-
tions (0.2oRo0.5), weaker complexes are formed by the co-
ordination with N atoms of either purine or pyrimidine bases. In
this experiment, R¼0.12, i.e., Ro0.2, indicating that all the purine
bases of ssDNA could strongly interact with the Agþ under this
condition. This was consistent with the fact that the ﬂuorescence
intensity of DNA-AgNCs reached the maximum value after a short-
time interaction between ssDNA and Agþ ions (Fig. S5 in the
Supporting Information).
3.2. Characterization of DNA-AgNCs
The synthesized DNA-AgNCs were characterized by transmis-
sion electron microscopy (TEM), UV–visible absorption spectro-
scopy, and ﬂuorescence spectroscopy. Fig. 1(A) shows the TEM and
particle-size-distribution histogram (the bottom-right-corner in-
set in Fig. 1). The product contained numerous DNA-AgNCs with
an average diameter of 2.9 nm, and the HRTEM shows that the
lattice spacing of AgNCs was 2.0 Å (the top-right-corner inset in
Fig. 1), indexed as the plane of Ag (2 0 0) according to JCPDS card
No. 87–0720. This indicates that the particles shown in Fig. 1 are
Ag nanoclusters. The DNA-AgNCs exhibited a strong ﬂuorescence
emission at 635 nm when excited at 542 nm (Fig. S6 in the Sup-
porting Information). Fig. S7 in the Supporting Information shows
the UV–visible spectra of DNA-AgNCs, an absorption band ap-
peared around 412 nm, which is similar to previous researches on
the UV–visible spectra property of AgNCs reported by other che-
mists (Adhikari and Banerjee, 2010; Slocik and Wright, 2003), and
different from the sharp localized surface plasmon resonance
(LSPR) peak of silver nanoparticles without ﬂuorescence emission
property (Ling et al., 2008).
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HAc medium (Fig. S8 in the Supporting Information). This was
probably caused by the stretch change of the conﬁguration of DNA
with the change of pH value. As well known, the pKa of the DNA
four bases, including guanine, adenine, thymine, cytosine are 3.5,
4.1, 9.9, and 4.4 respectively; thus, the adenine, thymine, cytosine
might be protonated in acetic medium, which could lead to change
of DNA conformation and DNA-AgNCs morphology (Bhadra et al.,
2005). The photoluminescence quantum yield of the DNA-AgNCs
was about 1.56%, it was increased to 5.72% in HAc (0.002 M)
medium, detected with rhodamine B as a reference with a quan-
tum yield of 31% (Zhang et al., 2014). In comparison, when natural
calf thymus DNA was used as the template to synthesis AgNCs, a
too low ﬂuorescence quantum yield was detected (Volkov et al.,
2013).
3.3. Interaction between AgNCs and BRH
The ﬂuorescence intensity of DNA-AgNCs was sensitive to the
presence of BRH basing on the high afﬁnity between BRH and DNA
on the surface of AgNCs (see Fig. 2). As reported in a previous
study on DNA and BRH, BRH would interact efﬁciently with DNA
under low pH surrounding (Bhadra et al., 2005). And there were
negative charges on the surface of DNA-AgNCs under the detection
condition according to the negative zeta potential results (see
Table S1 in the Supporting Information), when BRH molecules
with positive charges entered the system and bound to the surface
of DNA-AgNCs, the electrostatic attraction and charge neutraliza-
tion would occur between DNA and BRH and led to subtle change
of charge distribution on the complexes. This change could be
evidenced by the ﬂuorescence lifetime measurements results and
the increasing Zeta potential of the DNA-AgNCs solution system
after adding BRH.
Fluorescence lifetime measurements results were shown by the
ﬂuorescence decay curves in Fig. S9 in the Supporting Information.
And the data followed the biexponential ﬁtting equation (1), al-
lowing us to determine the values of lifetime τ1, τ2. Since electron
charge transfer from Ag to DNA scaffolds occurred in DNA-AgNCs
(Patel et al., 2009), the biexponential decay was possibly attributed
to the differential distribution of complicated luminescent path-
ways of polynuclear DNA-AgNCs (Pyykkö, 2008; Su et al., 2010).
The lifetimes of DNA-AgNCs in the absence and presence of BRH
are listed in Table S2 in the Supporting Information, revealing that
they all followed biexponential decays, with slight differences inFig. 2. Fluorescence emission spectra of DNA-AgNCs excited at 542 nm. a. DNA-
AgNCsþ HAc; b. DNA-AgNCsþ HAcþ BRH. (cHAc¼0.002 M, cBRH¼1.0 μM).the values of B1, B2. It was found that the lifetime of the DNA-
AgNCs did not obviously change with the addition of BRH. The
unchanged ﬂuorescence lifetime implied that the quenching of the
ﬂuorescent DNA-AgNCs by BRH should obey a peaceable static
quenching mechanism. This could help identify there existed
electrostatical interaction between BRH and DNA-AgNCs.
( ) ( ) ( )= + ( )− −R t B e B e 1t t t t1 / 1 2 / 2
Zeta potential could be used to diagnose interactions with
charged ions or molecules, and the results showed that negatively
charged ions or molecules would decrease the surface zeta po-
tential and positively charged ions would increase the surface Zeta
potential (Zhang et al., 2008). As shown in Table S1 in the Sup-
porting Information, attachment of BRH on the surface of
DNAAgNCs caused the zeta potential to become intuitively more
positive, which changed the charge distribution of surface of
DNAAgNCs and broke the dispersion and stability of the colloid
system. Beside, the binding of BRH with DNA would make the
surface of BRH-DNAAgNCs complex more lyophobic. As a result,
the aggregation among DNA-AgNCs occurred with weaker static
repulsion and stronger hydrophobic force. As well known, the
aggregation of clusters always quenches its ﬂuorescence (Diez and
Ras, 2011; Xia et al., 2013), which is consistent with the observed
ﬂuorescence measurement results.
A direct evidence for the aggregation of DNA-AgNCs could be
provided by TEM imaging. As shown in Fig. 1A, the DNA-AgNCs
dispersed well and concentrated around an average diameter of
2.9 nm, while these independent DNA-AgNCs individuals became
bigger ones and some of them went adjoining in the presence of
BRH (see Fig. 1B). The enhanced light scattering (LS) signal of DNA-
AgNCs was measured by scanning synchronously both the exac-
tion and emission monochromators of a common spectro-
ﬂuorometer. As shown in Fig. S10 in the Supporting Information,
LS intensity of DNA-AgNCs was enhanced evidently after the re-
action with BRH, which could help conﬁrm the formation of AgNCs
aggregates. These all strongly supported our speculations that the
ﬂuorescence quenching was ascribed to the DNA-AgNCs
aggregation.
3.4. Optimization of the reaction system
In order to get the best performance of the ﬂuorescence sensor,
relevant optimizations were studied. HAc as the medium enhan-
cing ﬂuorescence intensity the of DNA-AgNCs played the crucial
role in detection of BRH, its effect on the ﬂuorescence intensity of
DNA-AgNCs might be mainly attributed to the acid environment.
Thus, the effect of a group of different conventional acids were
compared at the ﬁrst. Monobasic organic acids including formic
acid, HAc, propionic acid and mineral acids including hydrochloric
acid, nitric acid were at 0.002 M in the DNA-AgNCs colloidal so-
lution, except for sulfuric acid were at 0.001 M. As revealed from
Fig. S11 in the Supporting Information, though the enhanced
ﬂuorescence intensity of DNA-AgNCs by formic acid was the most,
HAc performed the best response to BRH with the largest ΔIF.
Whereafter, the ﬁnal concentration of HAc was optimized by
varying the ﬁnal concentration of HAc from 0.0005 M to 0.008 M
after 60 min of reaction time at room temperature. As shown in
Fig. S12 in the Supporting Information, the optimum concentration
of HAc was 0.002 M. The effect of reaction time was investigated
within 90 min at room temperature and it turned out that ΔIF
increased gradually at ﬁrst and then reached a plateau after
70 min (see Fig. S13 in the Supporting Information); So, we chose
70 min as the optimal reaction time for further investigation. In
addition, the optimization of environmental temperature was
done, ﬁve environmental temperatures in the range from 25 °C to
Fig. 3. Selectivity of DNA-AgNCs toward BRH, 9 kinds of metal ions and 10 kinds of
amino acids. The concentration of BRH, metal ions and amino acids were 1.0 μM.
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BRH detection (see Fig. S14 in the Supporting Information).
3.5. Speciﬁcity of the sensor
The selectivity of this method was investigated by the response
signals of DNA-AgNCs toward BRH and nine kinds of common
metal ions including Kþ , Ca2þ , Naþ , Mg2þ , Fe3þ , Co2þ , Mn2þ ,
Ni2þ , Zn2þ and ten kinds of common natural amino acids in-
cluding L–glycine, L–threonine, L–arginine, L–cystine, L–methionine,
L–tyrosine, L–histidine, L–aspartic acid and L-lysine. As shown in
Fig. 3, 1.0 μM of these substances had pretty weak response to the
probe compared with BRH. Therefore, the developed method for
detecting BRH was selective, and it might have good biocompat-
ibility due to the low effect by natural amino acids. The good se-
lectivity of DNA-AgNCs towards BRH should be attributed to the
high afﬁnity between BRH and DNA on the surface of AgNCs. Their
efﬁcient interaction under low pH surrounding has been reported
in a previous research (Bhadra et al., 2005). It promoted the charge
neutralization occurring on the surface of AgNCs. While it is also
worth noting that not only the subtle change of chargesFig. 4. (A)Fluorescence emission spectra of the sensing system excited at 542 nm with
concentrations in the presence of HAc(c¼0.002 M). Curves a–j: (a) 0 nM, (b) 1.0 nM
(i) 1000.0 nM, (j) 2000.0 nM.distribution contributed to the selectivity, but BRH possesses dis-
tinct larger molecule weight of 371.81 than the other substances
with positive charges (the most molecule weight among these is
just 191.19 of L–tyrosine), which would provide much more efﬁ-
ciency on making the surface of BRH-DNAAgNCs complex lyo-
phobic. Thus, DNA-AgNCs were more sensitive to BRH. Basing on
these advantages, it was successfully further employed to the
quantitative determination of BRH content in compound berberine
tablets.
3.6. Linear relationship and detection limit
Under the optimal conditions explored above, the sensitivity
and linearity of BRH detection using DNA-AgNCs in presence of
HAc were evaluated by varying the BRH concentration. As shown
in Fig. 4, the ﬂuorescence emission intensity was sensitive and
proportionately decreased with an increasing concentration of
BRH as noted from the relationship between BRH concentration
and the value of Q¼ΔIF/IF(ΔIF¼ IF0-IF, which is the corresponding
quenching value of ﬂuorescence intensity, and IF is the maximum
ﬂuorescence emission intensity of each determined solution). The
linear relation with an r2 of 0.9917 could be described by the
Stern-Volmer equation of Q¼0.0652þ1.3051106c in the range of
1.0 nM to 2000.0 nM. In current experimental condition, the de-
tection limit (3s/k) was 0.3 nM, which was a new breakthrough in
detecting BRH comparing with previous studies on quantitative
analysis for BRH (see Table S4 in the Supporting Information).
The inset of Fig. 4 indicates that the vivid red ﬂuorescence of
DNA-AgNCs gradually quenched with increasing BRH concentra-
tion under UV light with 365 nm excitation. We will ﬁnd sig-
niﬁcant difference between the ﬂuorescence color of BRH-
DNAAgNCs and DNA-AgNCs when the concentration of BHC is
above 5.0 nM. Thus, a semi-quantitative determination by visual
evaluation for BHC can be achieved in the concentration range
from 5.0 nM to 2000.0 nM under UV light irradiation.
3.7. Detection of BRH in herbal tablets
According to the calibration curve, the content of BRH in two
pharmaceutical products was determined (see Table S3 in the
Supporting Information), with a relative standard deviation (RSD)different BRH concentrations, recorded as curves a–j. (B) ΔIF/I with different BRH
, (c) 5.0 nM, (d) 10.0 nM, (e) 50.0 nM, (f) 100.0 nM, (g) 250.0 nM, (h) 500.0 nM,
S. Liang et al. / Biosensors and Bioelectronics 85 (2016) 758–763 763of 2.12% and 2.10% respectively. The contents in two kinds of
berberine tablets were 29.52 and 30.37 mg/piece respectively,
which was consistent with the reference value of 30.00 mg/piece,
indicating that this method is reliable and practical.4. Conclusion
In summary, a novel strategy for AgNCs synthesis was devel-
oped using denatured natural fsDNA as the template. The obtained
product was a new water-soluble AgNCs, which showed high
ﬂuorescence emission nearby 635 nm, and its emission intensity
could be enhanced tremendously under HAc medium. Utilizing
this DNA-AgNCs as sensor, a simple, rapid and label-free method
was developed for BRH detection based on the aggregation-in-
duced ﬂuorescence quenching of DNA-AgNCs as a result of its ef-
ﬁcient binding with BRH. The established method for BRH de-
termination was sensitive in the linear range from 1.0 nM to
2000.0 nM with a pretty low detection limit (0.3 nM). Based on
the color variance, a semi-quantitative determination by visual
evaluation for BHC was also achieved in the range from 5.0 nM to
2000.0 nM under UV light irradiation. Moreover, the method was
further used to investigate the quality of compound berberine
tablets sold in Chinese drugstore and performed high practic-
ability and anti-interference. It is expected that the novel strategy
will open new opportunities for the design and development of
other extended DNA-AgNCs systems in the future, and help pro-
mote pharmaceutical analysis.Acknowledgment
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